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FOREWORD

This report was prepared by Thiokol Chemical Corporation, R:zaction
Motors Division, under U. S. Army Contract No, DA-11-070-AMC-852{(W}.
It covers work done in the period 19 February 1965 through 18 May 1965.
Contributors to the program are: Project Engineer, Mr.Z, T, Ossefort of
Rock Ts3land Arsenal, lllinois; Project Leader, Mr. Joseph Green of Thiokol;
Principal Scientist, Mr. Nathan Mayes of Thiokol; Laborat ry Technician,
Mr. Alan Jackson of Thiokol.
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ARBRSTRACT

The synthesis of thermally stable czrborane-siloxane elastomers was
undertaken. Carborau«e 573 3ilane intermediates prepared include: neocarborane,
1, 7-dialiyicarborane, 1!, 7-bis@- {ctlarodimethylsilyl) prcipygcarborane,
tet~amethyldisiloxane,dichlorotetramethyldisiloxaae and chlorodimethylsilane.

A licuid polymer was obtained bv sily. hydride addition polymerization of
1,7-diallylcarborane and retraraathvidisiloxune, A homopolymer of 1,7-
is[S - (chiorodimethylsilyi}propyi:] ¢aruwurane prepared by hydrolysis, was
obtained as a gum; copolymers of this compound with diethoxydimethylsilane
and dichlorotetramethyidisiloxane, obtained by alkoxy-halogen condensation
and hydrolysis respectively, were liquids of 1800 and 2500 molecular wsight.
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I. INTRODUCTION

The objective of this program is the synthesis of thermal
iloxane elastomers.

ly stable carbora:.=
Previocus work to prepare carborane siloxane polymers
has resuited in polymers containing carborane in the backbone and as pendant

groups {Ref 1 and 2;. These polymers were thermally stable 1o temperatures
above 400°C as shown by TGA. They were alsc eiastomeric whes the carbor
units, either tackbone or pendant, were sufficiently spaced t¢c pzrmit chain

flexibility. The structures with pendant carborane groups contaired backbones

that were wholly or primariiy repeating siloxane groups and as such are capable
of undergoing thermal rearrangement to form stable siloxane cyclic compounds.

Moreover, the previously prepared backbone-carborane siloxane polymers were
potentially hydrolytically unstable due to the presence of silicon-carhoranc
linkages which, in analogous monomeric :ompounds, have been shown t) be
readily hydroclyzed,

The choice of structures to be inves igated on this program was influenced
the foregeing considerations and as a result the structure considered to be
r:ost favorable for the cbjective is:

H

.

r_ ey
CH, Ct
Pl ! ’
|

"“Si{C.:z ;;CB;@H;QC {CHZ ,-Slic.'—
CH, CH

ko -iX

there are no silicon-carborane bonds that may be hydrolyzed,
‘ages are minimized to inhibit decomposition through cyclic
silexane fo.mation, the thermal stability of the 2Si{CH,},CB,.C —grouping has

non-cyclic-forming m -carborane {neocarborane} is em-
pioyed, and ‘h i
'i

- .
iiz
T

e pciymeu*y‘ene and siloxane groups in the backbone should give

his program is dir:cted toward preparation of polymers
ariations of this structure in order to determin
s number cf repeazé..g siloxane groups, number of methylene

ne structure affect thermal and physical
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properties. Further study of pendant carborane siloxane polvmers is also
anticipated, primarily for comparison purposes.

The program consists of four phases: {1} svnthiesis of monumers and polym-
ers. {2 } curing studies, {3] evaluation of materials and {4} material supply. The
mcaomers being synthesized in Phase 1 are compounds that will permit backbone-
carborane polymer formation. The carboerane monomers that have been or will
be prepared are 1,7-dialiylcarborane {I}, 1,7-bis{chlorodimethyl=zilyijcarborane
(II}, and i,?-bisE- {chloredimethyisiiy}}prepyi]carborane {II1}. The structure
and numbering system of carborane are illustrated in Figure 1. The 1,7 isomer
{neoccarborane)} is shown; other isomers are the 1,2{orthocarborane} and the },612
{paracarborane} structures.

CHZ=CHC32CB;°HIQCCH?_CH =CH2

C1Si(CH, },CB;gH,CSi{CH, },C}
It

CiSi{CH, };CH,CH,CH,CB;oH;eCCH,CH,CH,Si1{CH;};Cl

441

»

@ Borons O Carbons

Figure }. Structure and Numbering System of Carborane

Report RMD 3665-0Q1




-l

-

—

»

-

Thiokol

REACTION MOIORS DIVISION

Jther compounds prepared are tetramethyldisiloxane {IV}, dichlorotetramethyl-
Hsiloxane {(V}, and dimethylchlorosilane (VI}. It was anticipated that
shiorodimethylsilane could be purchased; however, this compound, which was
rommercially available from Dow-Corning up untii a2 few months before the

start of this program, is nowunavailable and mu«+:. ze prepared in the laboratory.

HSi(CH,),08i(CH,),H
v
C1Si(CHj, ),0S1{CH, ),Cl
v
CiSi{ H,),H
VI

The polymer synthesis empioyed three types of reactions. One type, hydrolysis
ind condensation of chlorosilanes or alkoxysilanes, is being used to prepare
random polysilmethylenecarborane-siloxane copolymers. The other types,
;ilyl hydride addition to a diolefin and alkoxy -halide condensation, are being used
o synthesize regularly alternating polysilmethylenecarborane-siloxane ropolymers.

The curing studies phase of the program will encompass investigation of
reroxide curatives to form thermally stabie ethylene crosslinks by hydrogen
tbstraction from pendant methyl groups. In addition, curing studies will be
:onducted with such curatives as As,;0;, V,;05, VOCI; and Cr,04 o form thermally
itable Si-O-Metal crosslinks, Polymers that ccntain SiH will be cured at these
iites to obtain Si-0O-Si or SiC linkages,

Evaluation cf materials will include initial characterization to determine
nolecular weight and pciymer structure. Further evaluation will involve screen-
g of the elastomer gum. for therm. 1 stability by TGA and DTA, and subjection
f promising vulcanized products to TGA, DTA and standard ASTM heat aging

" ests to determine thermal and physical properties.

The materials supply phase of the program is for the purpose of prepariag
ind supplying to the contracting agency 200 gram gquantities of materials that

. 1ave potential for meeting the goals of the program.

Report RMD 5065-Q1
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I11. TECHNICAL PROGRESS

PHASE 1 - MONOMER AND POLYMER SYNTHESIS
A, Carborane Intermediates and Monomers

1, 7-Dialiylcarborane is necessary for the preparztion of several of the
pelymer structures that have been proposed for this program. Althcugh this
compound has not been previously synthesized its isomer, 1, 2-diallylcarborane,
has been prepared {Ref 3} and the same procedure has been ysed here to
synthesize the 1,7 isomer. m-Carborane was a starting material in this
synthesis. It was prepared in a series of steps involving O -carborane prep-
aration by oxidation of 1, 2-bis{hydroxymethyl)carborane (Ref 4) aad finally
thermal isomerizatior of o-carborane to m-Carborane {Ref5}. m-Carborane
was converted to the dxallyx compound by Teactions illustrated in Equatxons 1
and 2.

HCBlQH!aCH + ZBuLi———-} UCBIQ}IIQCQ + 2BuH (l}
LICB!QH!QCLI + ZCHZ CHCH;BI'————} er = CHCH;Cﬁ;oH}gCCHZCﬁz - CHZ (2}
The reactions progressed smoothly to yield 89-92% of distilled product
(yieldbased on m-carborane). The product is a colorless liquid of op 63°C/0.15
mm and ng 1.5335. It was characterized by infrared and elemental analysis.
Calculated for CgH,¢B,y: C, 42.82; H, 8.98; B.48.18
Found: C, 42.72; H, 8.87; B, 48,17

Approximately 130 g of 1, 7-diallyicarborane was prepared in three separate
reactions.

Report RMD 5065-Cl
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B. Silane Intermediaies and Monomers
1. Tetramethyldisiloxane

An attempt was made to prepare tetramethyldisiloxane by a Grignard re-
action of methylmagnesium iodide with dichloromethylsilane followed by hy-
drolysis and fractional distillation of the products (Equation 3).

CH,Si{H)CQ-}CH,MgI%ECH,);Si{H}Ci]—HigHSi{CH;}ZOSi(th)zH (3)

A product of bp 70°%; {bp of tetramethyldisiloxane is 71°C, Ref 6} was ob-
tained in 15% yield. The product was iodine-colored and apparently impure,
A second attempt using methyimagne szu.m bromide as methylating agent yielded
50% of colorless product of bp 72°C and nD 1.3694 {Lit. nzD‘ 1.3700, Ref 6}.
Proton nuclear magnetic resonance analysis indicated the product to be tetra-
methyldisiloxane; however, infrared analysis and quantitative analysis for
SiH indicated the presence of an impurity which was not identified.

R A R bt LI 0 s P RORTRATOATA U R

2. Chloredimethylsilane

An effort was made to prepare chlorodimethyisilane by silicon halige-
silicon hydride interchange reactica as suggested by Eaborn {Ref 7). Eabcrn
cites an example of silicon halide-silicon hydride interchange in which chloro-
diethylsilane is obtained from the aluminum chloride catalyzed reaction of
triethyisilane and dichlorodiethylsilane, and he suggests that a similar reaction

[cH,l
cculd occur using the polysiloxane SxC* as a hydrogen source in place of tri-
t}i dx
ethylsilane. The suggested approach is attractive for the preparation of chloro-
dimethylsilane because of the ready availability of the hydrogen source {hydrolysis
of C1,;Si{CH;}H)ard because the product should be easily isolated. The reaction
was attemptad as suggested, however, none of the desired product was obtaied
{Equation 4).

CH; ¥-
Cl;5i(CHy),; + f;g ! A}.Cis, reﬁu:x, 10 hr

X

CISi{CH,),H (4)

The preparation of chlorodimethylsilane was accomplished by reduction of
dichlorotetramethyldisiloxane with lithium aluminum hydride. It nas been re-
ported in several instances that partial reduction of organchalogensilanes is
uct possible (Ref 8). Thus, one cannot expect to reduce dichlorodimethylsilane

Report RMD 3665-4G1

AR

|
i



Thioko€

REACTION MOTORS DIVISION

to chlorodimethylsilane. Such reactions actually yield the fully-reduced silane

even when a considerable deficiency of lithium aluminum hydride is used
(£ quation 5).

CL;Si(CH,), + LiAlH,——>»H,Si(CH,), + CLSi(CH,), (5)
A variation of this reaction ‘vas dune here in which the dichlorodimethylsilane
was first partially hydrolyzed to dichlorotetramethyldisiloxane and then re-
duced with lithium aluminum hydride ir. ether solution. Reduction occurred

preferentially at the siloxane bonds to yield chlorodimethylsilane (Equation 6).

C1,Si(CH,), + H0 —> CISi(CH,), OSi{CH,),Cl (6)

8mC1Si(CH,),08i(CH,),Cl + 3mLiAIH, —SReX 5 cisi(CH,),H

The product (bp 36°C) could not be separated from ether by distillation, but

its presence in the distilled ether solution {bp 359C) was indicated by the
infrared spectrum which exhibited absorptions for SiH and SiCH;. The solution
yielded acid on hydrolysis, and a titration, assuming all chlocrosilane present

to be chlorodimethylsilane, indicated that the latter had formed in 53% yield
(based on lithium aluminum hydride). If reduction also cccurred at silylchloride
bonds the formation of dimethylsilane wou' be expected; however, no di-
methylsilane was obtaived in the reaction products.,

When the reaction was conducted using, instead of pure dichlorotetramethyl-
disiloxane, a mixture of dichlorosiloxanes obtained from the partial hydrolysis
of dichlorodimethylsilane there was copious evolution of dimethylsilanc.
Chlorodimethylsilane also formed as it had previously; however, it was noted
that distillation of the chlorodimethylsilane-~ther solution proceeded smoothly
at pot temperatures <75°C, but at higher pot temperatures, a reaction occurred
to yield dimethylsilane {(Equation 7).

C1,Si{CH;), + H,LO—> [msﬂcnggosucaggg%} (7)
n=0,1, 2, 3, 4,
X LiAlH,, ether
H,5:(CH, ), g_zgf’g_ Cl1Si(CH,),H + H,S1(CH,),

The latter rcacti ‘a5 apparently a disproporticnation between chlorodimethylsilane

k4

-
te

o
and hydrosiloxanes still present in the reaction mixture.

L]
y

e
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C. Carborane-Silane Monomers

Chlorodimethylsilane, in ether solution, was allowed to react with 1,7-
diallylcarborane (Equation 8}, in the presence of chloroplatinic acid, Distillation

H,PtClg* 6H,0_

C1Si(CH,) H + CH, = CHCH,GB\oH,(CCH,CH = CH, ——"—"5 (8)
CH, H,
G181 (CH,) 5CB gHyoC (CH,) SiCl
CH, CH,

of the reaction mixture yielded a small quantity of unreacted i, 7-diallylcarborance
and fractions that boiled at 135°C/0.04 mm and 155°C/0.05mm. The infrared
spectrumn of the lower boiling fraction indicated it to be the partial uddition product,
H,C = CHCH,CB¢H,C (CH, };Si(CH;},Cl. The higher boiling material, on the

basis of infrared and NMR analyses, is apparently 1,?-[bis(3-chlorodimethyl-
silyl)propyl]carborane.

D. Polymers
1. Eilyl Hydride Addition Polymerization

The preparation of polymer by the reaction of tetramethyldisiloxane and 1, 7-
diallylcarborane was investigated (Equation 9).

CH4 CH; H,PtClge 6H,0
i e . [ 2
HSi O S5iH  + HpC = CHCH,B,oH(CCiWF - CH, E:her, reflux (9)
CHy CH,
CH; CH,
§i—o-—$i (CH;)sCBoH(C(CH,;),
CHy CH,

There was an exothermic reaction upon mixing the reactants in the presence of
chloroplatinic acid. The product, obtained after reluxing in ether several hours,
was a thin liquid apparently of low molecular weight. The infrared spectrum

Report RMD 5065-Q1
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showed loss of SiH and C = C and indicated that the addition had taken place.
2. Alkoxysilane-Halosilane Condensation Polymerization

An attempt to prepare a regularly alternating copolymer by the ferric
chloride catalyzed condensation of dicthoxydimethylsilane and 1,7-bis [3-

(dimethylchlorosilyl} propyl}carborane yielded a liquid gz roduct of 1340 mole-
cular weight (Equation 10}.

C!H-s I\EHS Fal,
(C,H;0),8i(CH; ), + CISi{CH, },CB;gH,,C {CH.!,5iC1 == —> {10}

e i 36 hrs, $6-110%
oM, CH,

r =

CH; CH, g‘,}fi
351 0 Bi (CH,), GBioHaCICH; 181
| ¢n, &H, ca‘,}x

3. Hydrolysis/Cendensation Poiymesrization

Polymerization ¢f 1,7-bis é—chiorcdin‘;ethﬁsi}y!) p:opvl} swrborane by
hydrolysis in acetone or methyl vthyl keloane solusion yielded a slear coloriess
tacky gum and a small amocunt {<{3%} of crvstalline material that sublimed at
160-180 C/0.C4mm {Equation 11}. Thzs sublimed material, upon examinatior
by infrared and mass spectrographic analysis, apoears to be a cyclic siloxane.
The gum product is evidently polvmeric; a moleralar weight will be obtained.

CH, CH, )

CISi(CH,);CB,H;sC{CH,),S.Cl + H,0 2setene, (11’
GH, cHy I o ~ |
—.?i(CHz}}CBmHmC (CH2}3$i i + CH;‘Si ' Si’CH‘

| CH, CHY_ f |
~ - {CH;}; (CH,);
CByoH;oC
— 8 -
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A copolymer of 1,7-bisi3-{chl
dichiorotetramethyldisile
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materials in ether solu
meizcular weight 2500 §
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C‘S«'C S}.CI + C
Ci‘i; bH; CH;

fay
e

GHy CH; CH
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III. SUMMARY

This is a program to synthesize thermaily stable .arborane-siloxane
elastomers. The polvmer structure deemed most desirable for this objective

\rH} le
is one having the groupiang -C Sx {CH, :3CB;581°C’CH,;3 Si - in the chan backbone.

Toward the synthesis of such aoiyx iers, silane and siloxane intermediates and
meoeoriets have been prepared. These inciude chlorodimethylsilane, tetra-
metinidirciloxane, and dic ’uo*ctetrmethyimsxlcxaﬁe. The carborane materials,
3,?—§i ilylcarborane and 1,7-bis @qch}.orodxmet}wls;iyi prapyﬁ carborane, .
raparsd and their polym. vriation and copolymerization were investigated,

v

¢ “lymayr was obtain~d, ¢ ¢y silyl hydride addition polymerization, from
I,7-dikliv.carborane aud tetramethidisiloxane, A homopolymer of 1,7-bis-
B-(chlsfﬁdima yisilyl} :-Fopyﬂ carboerane was >btained 2s 2 gum; copolymers
of this comgp-.«and witn diethoxydimethylsilane and dichlorotetramethyldisiloxane,
obtained by alkoxy-halogen condeesation and hydrolysis respectively, were .
liguide of 1800 and %30 molecular waight,
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